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Abstract 

Purpose: Radiotherapy (RT) has played a significant role in treating non melanoma skin cancer (NMSC). High- 
dose-rate brachytherapy (HDR-BT) approaches have a paramount relevance due to their adaptability, patient protec- 
tion, and variable dose fractionation schedules. Several innovative applicators have been introduced to the brachyther- 
apy community. The Valencia applicator is a new superficial device that improves the dose distribution compared with 
the Leipzig applicator. The purpose of this work is to assess the tumor control, cosmesis, and toxicity in patients with 
NMSC treated with the Valencia applicator and a new regimen of hypofractionation. 

Material and methods: From January 2008 to March 2010, 32 patients with 45 NMSC lesions were treated with the 
Valencia applicator in the Hospital La Fe. The gross tumor volume was visually assessed, but the tumor depth was 
evaluated using ultrasound imaging. All lesions for the selected cases were limited to 4 mm depth. The prescription 
dose was 42 Gy in 6 or 7 fractions (biologically effective dose [BED] « 70 Gy), delivered twice a week. 

Results: Ninety-eight percent of the lesions were locally controlled at 47 months from treatment. Ninety-three per- 
cent of patients were out at least 36 months from treatment. The treatment was well tolerated in all cases. The highest 
skin toxicity was grade 1 RTOG/EORTC, having resolved with topical treatment at 4 weeks in all but one case which 
required 2 months. There were no grade 2 or higher late adverse events. 

Conclusions: In patients with superficial basal cell carcinoma lesions less than 25 mm in maximum diameter, 
HDRBT treatment with the Valencia applicator using a hypofractionated regimen provides excellent results, for both 
cosmetic and local control at a minimum of 3 years follow-up. Moreover, the shorter hypofractionated regimen facili- 
tates compliance, which is very relevant for the elderly patients in our series. Valencia applicators offer a simple, safe, 
quick, and attractive nonsurgical treatment option. 
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Purpose 

Non melanoma skin cancer (NMSC) is the most com- 
mon malignancy and its incidence has been reported in 
the last years to be increasing rapidly, even in young pop- 
ulations [1] . It affects 2-3 million people each year in the 
United States [2], and a similar incidence is expected in 
Europe. Although, NMSC is usually not a life threatening 
condition, it is a growing public health concern because of 
the significant impact on quality of life [2-4]. Surgery, cryo- 
therapy, topical chemotherapy, photodynamic therapy, 
and radiotherapy (RT) are treatments options for NSMC 

Surgery (Mohs or excision) is the most frequently of- 
fered treatment. For many decades, RT has played a signif- 
icant role in treating NMSC [5]. Superficial X-rays, electron 



beam, megavoltage photons, and low- (LDR) or high-dose- 
rate (HDR) brachytherapy (BT) have been employed with 
success. There are also new emerging techniques such as 
electronic brachytherapy (EBT) [6]. In general, treatment 
options are chosen based upon institutional resources and 
the experiences of various specialists. With the incorpo- 
ration of high-dose-rate brachytherapy (HDR-BT) and re- 
mote afterloaders in the 1960's, there has been a renewed 
interest in BT. High-dose-rate brachytherapy approaches 
have a paramount relevance due to adaptability, patient 
protection, and variable dose fractionations schedules, 
which achieve excellent cures rates and cosmetic results 
[7-9]. Several innovative applicators have been introduced 
to the BT community and the use of skin BT has increased 
significantly. The Valencia applicator is a new superficial 
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device with improved dose distribution when compared 
to the Leipzig applicator [10,11]. The Valencia [10,11] ap- 
plicators were designed to be used with the HDR after- 
loader microSelectron v2 (Nucletron, an Elekta company, 
Elekta AB, Stockholm, Sweden), and come in two useful 
sizes: 2 and 3 cm diameters. These cup-shaped applica- 
tors limit the irradiation to the treated area using tung- 
sten-alloy shielding. The design of these applicators was 
based on the Leipzig applicators [12-15] with the addition 
of a flattening filter to improve the dose profiles and limit 
the penumbra. This allows focusing the radiation on the 
target while normal tissue irradiation is minimized. 

The purpose of this study is to assess the tumor con- 
trol, cosmesis, and toxicity events in patients with basal 
cell carcinoma (BCC) treated with the Valencia applicator 
using a new regimen of hypofractionation. 

Material and methods 

Eligibility and study design 

From January 2008 to March 2010, 32 patients with 
45 NMSC lesions were treated with the Valencia applica- 
tors in the Radiotherapy Department of Hospital La Fe, 
Valencia, Spain. 

Patients enrolled in this study had a biopsy confirmed 
BCC located anywhere on the body or face except eye- 
lids, and all cases presented as primary lesions. Initially, 
the maximum diameter accepted was 24. In patients with 
multiple lesions, all lesions were treated concurrently. All 
patients were over 18 years old, but no other age restric- 
tions were applied. Data were collected retrospectively. 

Treatment protocol 

The protocol used for these patients was developed 
with the Lynn Cancer Institute of Boca Raton Regional 
Hospital (Boca Raton, Florida), Hospital La Fe (Valencia, 
Spain), and Hospital Clinica Benidorm (Benidorm, Ali- 
cante, Spain) [16]. The tumor depth was evaluated using 
ultrasound imaging. Ultrasounds images were performed 
with the Siemens Acuson S 2000 ultrasound system (Sie- 
mens AG, Munich, Germany), using a 19 mHz linear 
probe. To improve imaging, a gel pad was systematically 
used. The acquisition was done by longitudinal and trans- 
versal planes, evaluating the echogenicity and thickness 
of both skin and subcutaneous cellular tissue at lesion lev- 
el, measuring the lesion depth. All lesions for the selected 
cases were limited to a maximum of 4 mm depth. This 



limitation was necessary to keep the skin dose at accept- 
able levels, since the percent depth dose of the 192 Ir Valen- 
cia applicators has a gradient of about 10% per mm [10]. 

The gross tumor volume (GTV) was generally assess- 
ed visually. The appropriate Valencia applicator size 
(2 or 3 cm) was chosen to allow for a minimum margin 
of 5 mm from the field edge. In the cases with tighter 
margins, the GTV was assessed by a dermatologist with 
a dermatoscope. The treatment dose was prescribed 
at 3 mm for lesions with depth of 3 mm or less, and at 
4 mm for those between 3 mm and 4 mm in depth. 
High accuracy in tumor depth measurement is critical 
due to the high dose gradient. Thus, for a typical pre- 
scription to 3 mm, the surface dose will reach approx- 
imately 130%. The prescription dose was 42 Gy in 6 or 
7 fractions (biological effective dose (BED) » 70 Gy), de- 
livered two times a week, with a minimum interval of 
48 hours between fractions, and not exceeding 3 weeks. 
Immobilization was achieved in most cases using an artic- 
ulated arm device provided by Nucletron. Other methods 
of immobilization such as simple homemade arm, tape, or 
thermoplastic mask, when needed, were also occasional- 
ly used. Some examples are illustrated on Figure 1. Skin 
marker delineating the outside applicator circumference 
was used to ensure reproducible treatment conditions. 

All treatments were delivered under the direct super- 
vision of the radiation oncologist for accurate applicator 
positioning. Patients were instructed not to apply make- 
up or ointment prior to treatment. 

End points 

The end points chosen for this study were the analy- 
sis of the efficacy, safety outcomes, and cosmetic results 
of the treatment of NMSC with BT, using the Valencia 
applicators with a hypofractionated regimen. Acute and 
chronic toxicities were evaluated according to the Radia- 
tion Therapy Oncology Group (RTOG) and the Europe- 
an Organization for Research and Treatment of Cancer 
(EORTC) scale [17]. Patients were also consulted about 
their cosmetic impression using a survey with questions 
related to their satisfaction. 

Results 

Patient and treatment characteristics 

Forty-five lesions in 32 patients were treated between 
January 2008 and March 2010. Although the age range 




Fig. 1. Examples of treatment set-ups 
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was wide (43-97 years), the majority (70%) of these pa- 
tients were over 70 years old. No recurrent lesions were 
included. Histology was BCC in all lesions. As usual in 
BCC [18], most (86%) lesions were located on the head. 
The median maximum diameter of the lesion was 10 mm 
(range: 3-25). Only two lesions had a depth greater than 
3 mm (4 mm). Table 1 summarizes patient and lesion 
characteristics. Lesions were treated with a total dose of 
42 Gy, using 6 fractions (7 Gy/fraction; twice weekly) in 
96% of the cases, and 7 fractions (6 Gy/fraction; twice 
weekly) in the remaining 4%. The biological effective 
dose (BED), for both schemes is approximately 70 Gy 
BED (a/ (3: 10). The treatment was prescribed at 3 mm 
depth in 46 lesions and at 4 mm in 2 lesions. Median le- 
sion diameter was 10 mm, ranged 3-25, median depth - 
2 mm, ranged 0-4. We used 25 applicators size 2 (55.5%) 
and 20 applicators size 3 (44.5%). 

The median follow-up was 47 months (range: 31-60). 
In 93% of the patients, follow-up was 36 months or more. 

Efficacy results 

Ninety-eight percent of the lesions completely re- 
gressed. Examples of clinical results are shown in Figure 2. 
At 3 months, only one lesion persisted and it was central- 
ly located. This patient had an extra-facial BCC. Tumor 
depth of this lesion was originally assessed in the ultra- 
sound as 2 mm. Following the protocol, the depth used 
for the dose prescription was 3 mm. After subsequent 
review of the ultrasound images, it was established that 
tumor depth was actually greater than 3 mm. No other 
recurrences were detected after a minimum follow-up of 
31 months. 

Adverse events and cosmetic results 

The treatment was well tolerated in all cases. The high- 
est skin toxicity was grade 1 RTOG/EORTC [17], having 
resolved with topical treatment at 4 weeks in all but one 
case, which required 2 months. There were no grade 2 or 
higher late adverse events. When patients were consulted 
about their cosmetic impression, all except one (a young 
woman with hypopigmentation at abdominal location) 
were very satisfied. 

Discussion 

Surgery is often the primary treatment for a NMSC 
lesion due to its reported low rates of recurrence [19,20]. 
Typically, RT is an option for lesions located in areas 
where surgery might be accompanied with functional 
or cosmetic deficits, for patients with comorbidities or 
surgical contraindications, and for the elderly. A wide 
variety of radiotherapy techniques including superficial 
X-rays, orthovoltage X-rays, megavoltage X-rays, electron 
beam irradiation, low-dose-rate brachytherapy (LDR-BT), 
HDR-BT, and EBT are used. The term BT includes superfi- 
cial and interstitial treatments, which selection depends of 
the tumour depth, volume to be treated, or both. Applica- 
tors in contact with the skin are used in cases of superficial 
and well circumscribed lesions. Commercially applicators 
like the Leipzig and Valencia applicators, as well as flaps 



Table 1. Patient and lesion characteristics 



Demographics 


Age (median) (years) 


78 


43-97 


Gender 


Male 


18 


54.5% 


Female 


15 


45.5% 


Histology 


Basal cell carcinoma 


45 


93% 


Bowen's disease 


3 


7% 


Lesions per patient 


1 


26 


79% 


2 


3 


9% 


3 


3 


9% 


7 


1 


3% 


Lesion location 


Head 


39 


82% 


Nose 


17 


36% 


Face 


11 


23% 


Scalp 


10 


21% 


Ear 


1 


2% 


Extremity 


5 


10% 


Trunk 


4 


8% 



and moulds are available. Customized moulds made for 
individual cases with different materials are also utilized. 
In all cases, the treatment must be comfortable for the pa- 
tient and easily reproducible to avoid uncertainties. 

Currently, all of these approaches achieve high rates 
of tumour control when considering similar tumour and 
patient characteristics [21]. The published local control 
rates with HDR-BT vary from 72 to 100%. Large differ- 
ences between studies were identified and are related 
to follow-up time, total dose, dose per fraction, time be- 
tween fractions, prescription depth, and types of applica- 
tors [22-31]. There are just a few publications of clinical 
results of HDR-BT with standardized superficial applica- 
tors. In 1999, Kohler-Brock et al. [7] published the results 
at 10 years of 520 patients treated with Leipzig applica- 
tors up to 30-40 Gy at 5-10 Gy/fr. The failure rate was 
8%, but Kaposi's sarcoma, melanomas, and skin metasta- 
ses were included. Gahly et al. [32] and Gauden et al. [27] 
presented their experience with Leipzig and GM11004590 
applicator, achieving complete remission in 95% and 97% 
of the cases, respectively, including primary and recur- 
rent NMSC lesions (median follow-up 18 and 37 months, 
respectively). 

This study is the first one that reports clinical results 
with the Valencia applicators. Although the size of the 
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Before 



After 




Fig. 2. Some examples of clinical results, before and after treatment 



study is smaller than other HDR-BT publications, in our 
opinion it is important for several reasons. Firstly, the 
study population was very homogenous in tumour his- 
tology (BCC) and lesion size (less than 3 cm). Secondly, 
all patients were treated in a highly consistent manner. 
Thirdly, the study also demonstrated safety and good 
tolerance in an older population (> 70 years). And finally, 
the local control was excellent, with mature follow-up. 
Performing HDR-BT with the Valencia applicators pre- 
sents several advantages: dosimetric calculations are quick 
and safe, patient positioning and reproducibility are easy 



and comfortable. The hypofractionated regimen, 42 Gy in 
6-7 fractions over 3 weeks or less, allows an ambulatory 
treatment that reduces costs, and facilitates compliance, 
which is essential in an elderly population as was treat- 
ed in this series. In addition, the Valencia applicator us- 
ing this hypofractionated regimen compares favourably 
with other regimens and techniques for efficacy as well 
as toxicity. The use of the Valencia applicators must be 
limited to superficial tumours (less than 4 mm depth) 
with a maximum diameter of 25 mm in order to guaran- 
tee adequate tumour coverage. The lateral homogeneity 



Journal of Contemporary Brachytherapy (2014/volume 6/number 2) 



Non-melanoma skin cancer treated with HDR Valencia applicator 



171 



and flatness of the Valencia applicator is improved with 
respect to the Leipzig applicator and provides a smaller 
penumbra. The 80-20% penumbra values are significantly 
improved from the Leipzig (6.2-9.5 mm) to the Valencia 
applicators (1.9 mm). As a result, the useful treatment 
area of the Valencia applicator is larger. In 7 of the treated 
BCC lesions in this study, at least one of the margins was 
smaller than 5 mm, but at least 3 mm. In these 7 cases, 
the GTV was determined by dermatoscope. The other 
35 lesions were treated with a minimum of a 5 mm mar- 
gin. A recent publication based on a surgical series, sug- 
gests the following recommendations for CTV margins: 
10 mm for BCC less than 2 cm, 13 mm for BCC larger 
than 2 cm, 11 mm for SCC less than 2 cm, and 14 mm 
for SCC larger than 2 cm [33]. By contrast, a prospective 
study with 200 BCCs showed that 2 mm dermascopi- 
cally detected excision margins achieved histologically 
confirmed complete excision in 98.5% of cases [34]. Ac- 
cording to Brodland et al. [35], Mohs surgery margins of 
4 mm for low risk SCC and 6 mm for high risk SCC are 
adequate to clear the tumor in 95% of cases. Based on the 
results of this and other BT studies, margins of 5 mm for 
BCC would appear adequate. 

In our study, the only recurrence was centrally lo- 
cated. While the lesion depth was initially reported to 
be less than 3 mm according to the ultrasound study, 
a subsequent review of that image found that the depth 
was actually deeper. The treatment dose, in retrospect, 
was incorrectly prescribed to 3 mm depth. With the new 
data, the dose prescription would have been 4 mm. While 
a possible solution to avoid undertreatment is to prescribe 
at 1 mm beyond the lesion depth, the high dose gradient 
(10% for each millimeter) has critical implications both 
for the coverage and for the surface dose. One of the most 
important limitations of the study is the toxicity data col- 
lection. Nevertheless, 98% of the skin toxicity resolved af- 
ter 4 weeks with topical treatment. Regarding late toxic- 
ity, data interpretation is limited by the ambiguity of the 
scale used (RTOG/EORTC) and the subjective criterion 
of a unique data collector for each case. Although it may 
still be early for development of late toxicity, no findings 
were reported. For cosmesis, no scales were used, but 
all patients were consulted about their cosmetic impres- 
sion. The results were favourable with the exception of 
one young patient with an abdominal lesion reported her 
dissatisfaction due to hypopigmentation. Using CTC v4.0 
scale [36] this event could be classed as Grade 2 due to the 
associated psychosocial impact. All other patients were 
highly satisfied. 

Conclusions 

In patients with superficial BCC lesions less than 25 mm 
in maximum diameter, HDR-BT treatment with the Va- 
lencia applicator using a hypofractionated regimen pro- 
vides excellent results, for both cosmetic and local control 
at a minimum of 3 years follow-up. Moreover, the shorter, 
hypofractionated regimen facilitates compliance, which is 
very relevant for the elderly patients in our series. Valen- 
cia applicators offer a simple, safe, quick, and attractive 
nonsurgical treatment option. 
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